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Abstract

Background: Predicting the outcome of blunt chest trauma by scoring systems is of utmost value.
We aimed to assess the role of the chest trauma scoring system (CTS) in predicting blunt chest trauma outcomes among Egyptians.

Methods: A prospective observational study included 45 patients admitted to the cardiothoracic emergency unit of Al-Azhar
University hospitals. We documented their demographic data, history, cause and mode of trauma, vital parameters, and necessary
investigations (e.g., chest X-ray and Computed Tomography) when the patient was admitted to the cardiothoracic department. All
patients were assessed using the chest trauma scale (CTS) and followed up till death or discharge.

Results: The patient's age ranged between 18 to 76 years (mean 42.67 years). Eighty percent were males, and 48% needed mechanical
ventilation (MV). The period of MV was ranged from 1 to 5 days (mean 2.81 days). Twenty-two patients had pneumonia. Eight patients
died with a chest trauma scale ranging from 2 to 12 with a median of 6. About 87 percent of patients had unilateral lesions, and 5 had
criminal causes. Road traffic accidents were the most typical cause of trauma (60%). There was a significant relation between mortality
among the studied patients and each MV, length of ICU duration, chest trauma scale, laterality of trauma, and associated injuries. There
was a statistically significant relation between the chest trauma scale and the need for MV, the timing of MV, the presence of pneumonia,

and mortality.

Conclusion: CTS > 6.5 can predict mortality with 100.0% sensitivity, specificity of 62.2%, and accuracy of 68.9%. However, a score
of > 5.5 can predict the development of pneumonia with a sensitivity of 81.8%, specificity of 78.3%, and accuracy of 80%.
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Introduction
There are two types of thoracic trauma: blunt and pene-
trating. Automobile accidents are the leading cause of blunt
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chest trauma. Assaults, blast injuries, falls, and vehicles
striking pedestrians were also examples of such reasons.

1What is “already known” in this topic:

Blunt chest trauma is a common health problem with marked
morbidity and mortality. The prediction of outcome is of utmost
importance; it could guide the treatment process. Different
scores are assessed, including the Chest Trauma Scoring (CTS)
System. However, the results are heterogeneous, and no
consensus was reached for the best score.

— What this article adds:

To the available literature, the current study confirmed the value
of CTS in the prediction of morbidity and mortality. thus, it
could be considered as one of the best scores to guide the
management plan. This could decrease the associated morbidity
and mortality and reduce the time to initiate the treatment plan.
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CTS as An Outcome Predictor in Blunt Chest Trauma

Gunshots and stabbings account for the majority of pene-
trating trauma (1).

Although numerous studies have evaluated factors that
predict thoracic trauma-induced morbidity and mortality,
few have established scoring systems. Patients can be man-
aged with greater ease using a prognostic scoring system.
Implementing scores and protocol-based interventions re-
sulted in better outcomes and shorter hospital stays (2).

A widespread system for predicting thoracic trauma out-
comes is necessary to identify risk factors, predict out-
comes, and determine whether immediate management or
intensive care is required (3).

The existing scores for the prediction of thoracic trauma
outcome include the Wagner score, Abbreviated Injury
Scale chest (AIS), Lung Injury Scale, Pulmonary Contu-
sion score (PCS), or Rib Score, Thoracic Trauma Severity
Score (TTSS), modified early warning signs (MEWS) scor-
ing system (4-6).

There is no widespread scoring system because of the
complex application of some scores, the lack of signifi-
cance for outcome prediction, or the limited resources.
However, there are global recognizing age systems, and the
presence of rib fractures, pulmonary contusions, and bilat-
eral injury is identified as the most significant factors pre-
dicting the prognosis of chest trauma in studies evaluating
the scoring systems (6-8).

These factors, either alone or in combination, may assist
in predicting outcomes. The aforementioned predicting fac-
tors were developed by Pressley et al. (7) and validated by
Chen et al. (9) to create the Chest Trauma Score (CTS). The
current study aimed to determine whether CTS was a factor
in poor outcomes for Egyptian patients.

Methods

This was an observational prospective study of 45 pa-
tients. The current study included all patients admitted to
the Cardiothoracic surgery departments at Al-Azhar Uni-
versity Hospitals who presented with blunt chest trauma.
After obtaining their informed and appropriate consent,
they were recruited between April 2018 and March 2022.
The Institutional Ethics and Research Committee (Dami-
etta Faculty of Medicine, Al-Azhar University, Damietta,
Egypt) approved the protocol. Patients or legal guardians
provided written informed consent. Criteria for rejection
were subjects under 18, and patients with significant chest-
related injuries were excluded.

All patients had their CTS estimated. In addition to vital
signs and necessary tests, such as a chest X-ray or CT, that
were required when patients were admitted to the cardio-
thoracic unit, demographic information, history, the type of
trauma, and the cause were all recorded. CTS was calcu-
lated according to Harde et al.? (Table 1). The CTS has four
distinct parts, each of which is assigned a point system: age
(45 years = 1, 45-65 years =2, >65 years =3) pulmonary
contusion (none equals 0; unilateral minor equals 1, bilat-
eral minor equals 2, unilateral primary equals 3, and bilat-
eral significant equals 4)number of rib fractures (3 =1, 3-5
=2, and greater than 5 =3)and a bilateral rib fracture is pre-
sent =2. Chest X-ray and CT revealed several rib fractures
and pulmonary contusions. The sum of the scores for each
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Table 1. Calculation of chest trauma score (CTS)
Variable Level Score
Age score <45y

45-65y

>65y
Pulmonary contusion ~ None
score Unilateral minor
Bilateral minor
Unilateral major
Bilateral major

<3 RIBFX

3-5 RIBFX

>5 RIBFX

Bilateral RIBFX No

Yes

—_

Rib score

NOWN = hWN—OWN

RIBFX: Rib fractures

parameter was used to determine the final score, which was
determined by assigning a specific score to each parameter.
Then, the final CTS, which ranges from 2 to 12, was calcu-
lated.

Chest complications (specific pneumonia), the require-
ment for ventilator support, or death were the primary out-
comes. Pneumonia was diagnosed using standard clinical
and radiographic criteria, and the clinician decided to start
ventilator support. Hospital protocols for treating chest
trauma were unaffected by this study.

SPSS version 20 (Statistical Package for the Social Sci-
ences) was used for data analysis. Means and standard de-
viations were used to describe quantitative variables. The
Chi-square test was used to compare categorical variables,
and their absolute frequencies were used to describe them.
The distribution-type Kolmogorov-Smirnov and homoge-
neity of variances Levene tests were used to validate as-
sumptions for parametric tests. When the data were not nor-
mally distributed, the Mann-Whitney test was used to com-
pare the means of the two groups. For normally distributed
data, the independent sample t-test was used. The best cut-
off of the studied parameters for diagnosing specific health
issues was determined using the ROC curve. A p value
lower than 0.05 was set as the level of statistical signifi-
cance.

Results

The age of the studied patients ranged from 18 to 76
years, with a mean age of 42.67 + 15.52 years. Eighty per-
cent (36 subjects) of them were males. 21 (46.7%) under-
went mechanical ventilation. Out of them, twelve patients
(57.1%) needed early mechanical ventilation. The period of
MYV was ranged from 1 to 5 days, with a mean of 2.81 +
1.33 days. Twenty-two patients (48.9%) had pneumonia.
Eight patients (17.8%) had died by the end of the study.
Chest trauma scale ranged from 2 to 12 with a median of 6.
Twenty-six (57.8%) studied patients had been admitted to
ICU for 1 to 10 days, with a mean of 4.19 + 2.3 days. 39
patients (86.7%) had a unilateral lesion, and 11.1% (5 pa-
tients) had the criminal trauma mode. Road traffic accidents
(RTA) were the most common cause of trauma, accounting
for 60% (27 patients). Of these, 15.6% (n=7) were pedes-
trians, 24.4% (n=11) were drivers of motor vehicles, and
20% (n=9) were motorcyclists. Falls accounted for 22.2%
(n=10), and 11.1% (n=5) were due to assaults. Other causes
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included sports injuries (6.7%; n=3) (Table 2).

There was a significant difference between the occur-
rence of mortality among the studied patients regarding me-
chanical ventilation (all patients who died underwent MV),
length of ICU duration (patients who died stayed less in
ICU), and chest trauma scale (higher in patients in patients
who died by the end). There is a non-significant difference
between the studied groups regarding gender, age, timing,
period of ventilation, or mortality. There is a statistically
significant association between mortality and the laterality
of trauma (higher mortality in bilateral lesions) and associ-
ated injuries (high mortality in patients with associated in-
juries. There is a non-significant association between mor-
tality and either the mode or mechanism of trauma. Traffic
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road accidents represented the highest mechanism of the le-
sion with a higher occurrence of mortality (62.5%) out of
dead patients had traffic road accidents, two pedestrians,
two motorcar drivers, and one motorcyclist (Table 3).
There is a statistically significant relationship between the
chest trauma scale and the need for mechanical ventilation,
the timing of mechanical ventilation, the presence of pneu-
monia, and mortality (Table 4).

The best cutoff of chest trauma scale in the prediction of
development of pneumonia among the studied patients>5.5
with are under curve 0.776, sensitivity 81.8%, specificity
78.3%, positive predictive value 78.3%, negative predictive
value 81.8%, positive likelihood ratio 3.78, negative likeli-
hood ratio 0.23, accuracy 80% (p<0.05) (Table 5, Figure 1).

Table 2. Distribution of the studied patients according to patient characteristics and outcome

Variable Measure Value
Age (years) Mean + SD; 42.67+15.52;
Min. — Max. 18.0-76.0
Gender (n, %) Male 36 (80.0%)
Female 9(20.0%)
Cause of trauma Road traffic Total 27 (60.0%)
(n, %) accident Pedestrians, drivers, motorcyclists 7,11,
9
Falls 10 (22.2%)
Assaults 5(11.1%)
Sport-related injury 3(6.7%)
Laterality of trauma Unilateral 39 (86.7%)
Bilateral 6 (13.3%)
Mode of trauma Accidental 40 (88.9%)
Criminal 5(11.1%)
Presence of an associated injury 7 (15.6%)
Mechanical ventilation (n, %) 21 (46.7%)
Timing of MV (for 21 cases) (n, %) Early 12 (57.1%)
Late 9 (42.9%)
Duration of MV Mean + SD; 2.81+1.33;
Min. — Max. 1.0-5.0
ICU stay duration Mean + SD; 4.19+2.3;
Min. — Max. 1.0-10.0
Chest trauma score Mean + SD; median; 6.44+3.05; 6;
Min. — Max. 2.0-12.0
Pneumonia (n, %) 22 (48.9%)
Mortality (n, %) 8 (17.8%)

Min: minimum, Max: Maximum, SD: standard deviation; MV: Mechanical Ventilation; ICU: Intensive Care unit.

Table 3. Factors associated with mortality among the studied patients.

Variables Mortality Statistical analysis
No (n=37) Yes (n=8) Test P
Sex (n, %) Male 30(81.1%) 6 (75.0%) FE 0.651
Female 7(18.9%) 2(25.0%)
Age Mean + SD 42.54+14.9 43.25+19.31 0.12 0.910
Cause of trauma RTA 22 (59.5%) 5(62.5%) 2.762 0.430
Falls 9 (24.3%) 1(12.5%)
Assaults 3 (8.1%) 2 (25.0%)
Sport-related injury 3 (8.1%) 0 (0.0%)
Laterality Unilateral 37 (100.0%) 2 (25.0%) FE <0.001*
Bilateral 0 (0.0%) 6 (75.0%)
Mode of trauma Accidental 34 (91.9%) 6 (75.0%) FE 0.211
Criminal 3 (8.1%) 2(25.0%)
Presence of an associated injury 1(2.7%) 6 (75.0%) FE <0.001*
Mechanical ventilation (n, %) 13 (35.1%) 8 (100.0%) FE <0.001*
Timing of MV Early 5(38.5%) 7(58.5%) FE 0.067
Late 8(61.5%) 1(12.5%)
Duration of MV (day) Mean + SD 3.0+ 1.08 2.5+1.69 1.039 0.299
ICU stay duration (day) Mean+SD 494+£2.12 2.5+1.69 2.645 0.008%*
Chest trauma score Mean+SD 55125 10.75+0.71 1.88 <0.001*
Pneumonia 19 (51.4%) 3 (37.5%) FE 0.669

FE: Fisher Exact test, MV: Mechanical Ventilation; * indicates significant differences; ICU: Intensive care unit.
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Table 4. Relation between chest trauma scale and other variables

Variables Chest trauma scale t P
Mean + SD

Gender Male 6.56 £2.84 0.485 0.630
Female 6.0 +3.94

MV No 4.0+1.25 11.12 <0.001*
Yes 9.24 +1.81

Timing of MV Early 10.42 + 1.31 5.24 <0.001*
Late 7.67+1.0

Pneumonia No 5.17+3.23 3.131 0.003*
Yes 7.77+£2.22

Mortality No 551+25 10.88 <0.001*
Yes 10.75+0.71

MV: Mechanical ventilation; * indicates statistical differences.

Table 5. Performance of chest trauma scale in prediction of pneumonia and mortality among the studied patients

Cutoff AUC Sensitivity Specificity PPV NPV +LR -LR Accuracy P
Pneumonia >55 0.776 81.8 783 78.3 81.8 3.78 0.23 80.0 0.002*
Mortality >6.5 0.959 100 62.2 36.4 100 2.65 0 68.9 <0.001**

The best cutoff of chest trauma scale in the prediction of
mortality among the studied patients>6.5 with are under
curve 0.959, sensitivity 100%, specificity 62.2%, positive
predictive value 36.4%, negative predictive value 100%,
positive likelihood ratio 2.65, negative likelihood ratio 0,
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Figure 1. ROC curve showing performance of chest trauma scale in
prediction of pneumonia development.

1.0

0.8

06

Sensitivity

0.2

'lll.lllIIllllIIIIIllllIIIl.."
LT
Yay
iy,
u

oo T T T
1] o2 04 06 o8 10

o

1 - Specificity

Figure 2. ROC curve showing performance of chest trauma scale in
prediction of mortality.
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accuracy 68.9% (p<0.05) (Table 5, Figure 2).

Discussion

For accurate management, expected outcome, complica-
tions, and establishing a clear prognosis for patients and
their loved ones, prompt and precise evaluation of the se-
verity of thoracic trauma is essential. Sorting, triage, and
the implementation of treatment protocols can be com-
pleted quickly if the severity of the chest trauma is consist-
ently assessed (2).

There are different scales for assessing chest trauma, in-
cluding the Wagner score, Abbreviated Injury Scale chest
(AIS), Lung Injury Scale, Pulmonary Contusion score
(PCS), Rib Score, Thoracic Trauma Severity Score (TTSS),
and modified early warning signs (MEWS) scoring system
(5,9, 10).

Chen et al. (9) declared that this score could predict poor
outcomes (e.g., complications and mortality) in thoracic
trauma if CTS >5. This score was not examined on Egyp-
tian patients according to the best of researchers'
knowledge at starting this work. In addition, few studies
evaluate CTS in the prediction of patient outcomes. The
current study reported a significant relationship between
the chest trauma scale and the need for mechanical ventila-
tion, pneumonia occurrence, MV timing, and patient out-
come. Patients with pneumonia who died by the end needed
MV (especially early MV) and had significantly higher
CTS). This denoted that achieving higher scores is associ-
ated with poor outcomes regarding the patients and an in-
creasing burden on health resources. In the next step, CTS
was examined as a predictor for poor outcomes, including
pneumonia and mortality. At cutoff >5.5, the scale can
point to the possibility of pneumonia with a sensitivity of

81.8%, specificity of 78.3%, and accuracy of 80%. At cut-
off > 6.5, mortality can be predicted with sensitivity
100%m specificity of 62.2% and 68.9% accuracy in a pre-
vious Indian study by Harde et al. (2), who studied 30 pa-
tients. They divided their patients according to CTS into
both groups (Low CTS <5 and High CTS > 5). Higher CTS
was significantly associated with a high incidence of pneu-
monia, need for MV, and mortality in chest trauma. All of
their findings agreed with the current study. They denoted
that CTS >5.5 can predict mortality with a sensitivity of
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87.5% and a specificity of 68%. Pressley et al. (7) and Chen
et al. (9) revealed that increasing CTS scores have a more
significant association with mortality in harmony with the
current study.

A previous study by Veysi et al. (11) noted that RTA was
the most common cause of injury overall, affecting 57.01%
of patients, of which 19.4% were pedestrians.

RTA is considered one of Egypt's leading causes of
trauma-related morbidity and mortality. Additionally, this
is observed globally, with varying incidence rates attributed
to the implementation of traffic laws and safety measures
to reduce this high rate.

Khursheed et al. (12) found that road traffic accidents are
the most common cause of chest injuries, accounting for
more than half of all chest injuries (56.17 percent). Addi-
tionally, pedestrians were more likely to sustain blunt chest
injuries than passengers, which is in line with our findings.
It has been observed that the mechanism of chest injuries
varies not only between nations but also within a nation.
According to Liman et al. (13), motor vehicle accidents
were the cause of 67.79 percent of chest trauma cases
(n=1490). Other studies reported similar figures (14, 15).

According to an analysis of mortality, the overall mortal-
ity rate following blunt trauma was 20.84 percent, with a
mortality rate of 13.7% (12).

Veysi et al. (11) reported an overall mortality rate of
18.7% for blunt chest trauma, while Lema et al. (14) found
a mortality rate of 4.7 percent. In addition, a second study
found that 20% of participants suffered blunt chest trauma
due to RTA (16).

In Tsai et al. (17), patients with multiple traumas and as-
sociated blunt thoracic injuries had a mortality rate of 50%.
In another study, 30%—-75% of pulmonary contusions were
attributed to vehicular motor accidents. The presence of as-
sociated extra-thoracic organ injury, which was noted in
25.5%, delayed presentation (>24 hours), and severe injury
of the chest as defined by bilateral involvement positively
correlated with mortality (6).

Conclusion

In conclusion, CTS is a simple, rapid scale that can help
triage and treat patients. At scores> 5.5 and >6.5, it can sig-
nificantly predict the possibility of pneumonia and mortal-
ity, respectively. Road traffic accidents represented the
most common cause of blunt trauma to the chest and the
leading cause of mortality. The existence of associated ex-
tra-thoracic lesions and bilateral chest lesions was associ-
ated with higher mortality. Good triage is needed to high-
light such risk factors to improve patient outcomes.

The present study can be explained in the context of some
limitations, including small sample size and being applied
in a single study. Further prospective large-scale multi-cen-
tric studies should be used to verify the role of CTS in pre-
dicting poor outcomes among chest trauma.
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